Thiopeptin, thiopeptin-like antibiotics and penicillin were shown previously to be highly active in vitro against Streptococcus boris, the microorganism believed to be responsible for the initiation of ruminal lactic acidosis. The purpose of this work was to determine the efficacy of these antibiotics in preventing lactic acidosis in lambs challenged by intraruminal administration of ground wheat. Lambs, which were fasted and then given ground wheat at 40 g/kg body weight, showed dramatic increases in rumen and plasma lactate over the 30-hr experimental period. Rumen lactate increased from .2 to peak levels of approximately 150 /amoles/ml by 8 to 10 hr after wheat administration. Plasma. lactate increased after rumen lactate was elevated and lambs succumbed when plasma levels exceeded 15 /amoles/ml. Ruminal volatile fatty acids were greatly reduced as rumen lactate increased. Over half of the lambs given ground wheat died within 30 hours. Thiopeptin given as a single dose completely prevented lactic acidosis by reducing rumen lactate 80 to 90%. In addition, thiopeptin permitted "normal" rumen fermentation to continue as indicated by a significant increase in volatile fatty acids. The minimum effective dose of thiopeptin to control acute lactic acidosis was .18 mg/kg body weight. Other members of the thiopeptin class, including sulfomycin, sporangiomycin, siomycin and taitomycin, prevented lactic acidosis in a manner similar to thiopeptin. Penicillin, however, inhibited ruminal volatile fatty acid production as well as lactate synthesis. In addition, the effective period for penicillin in the rumen was Dept. of Anim. Nutri. and Physiol. 2 The authors wish to express their appreciation to Walter O'Shanny for his help in the care of experimental animals and the collection of samples. only 8 to 16 hr, after which lactate fermentation was reestablished. Thus, thiopeptin and thiopeptin-like antibiotics, but not penicillin, appear to provide prophylactic treatment against lactic acidosis in sheep.
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I ntroduction
Lactic acidosis is a common disorder in ruminant animals that occurs after they overeat readily fermentable carbohydrate (Baldwin, 1967; Dirksen, 1970) . Management techniques, such as slow adaptation to high starch diets and readaptation following interruptions in the feeding schedule, must be used" to reduce incidence of the disorder since no prophylactic treatment is available. These methods, based on restricting feed intake, do not allow for maximum efficiency of production, nor do they completely prevent the occurrence of lactic acidosis. Thus, a prophylactic treatment for this disorder could be of major importance to the cattle and sheep industries.
Streptococcus boris, a gram-positive microbe in the rumen, appears to be responsible for initiating the chain of events that lead to development of lactic acidosis (Hungate et al., 1952; Chaplin and Jones, 1973; Krogh, 1961) . Previous research has indicated that thiopeptin and other sulfur-containing peptide antibiotics are highly active in vitro against S. boris (Muir and Barreto, 1979) . This activity, together with their relatively narrow gram-positive spectrum (Miyairi et al., 1970 (Miyairi et al., , 1972 , makes these antibiotics potential agents for controlling lactic acidosis without adversely affecting other rumen microflora, An acute model for lactic acidosis can be produced by administering ground wheat through a rumen fistula (Allison et al., 1975; Szegedi and Juhasz, 1968; Ryan, 1964) . Such a model has been used to study the effects of capreomycin and oxamycin on lactic 547 JOURNAL OF ANIMAL SCIENCE, Vol. 50, No. 3, 1980 acidosis in sheep (Beede and Farlin, 1977) . The objective of our studies was to evaluate thiopeptin, thiopeptin-like antibiotics and penicillin in an ovine model for lactic acidosis.
Experimental Procedures
Animals. A total of 30 fistulated wether lambs, weighing between 35 and 45 kg, was used in three experiments to study the effects of antibiotics on lactic acidosis. Rumen cannulas, made from silicone medical-grade tubing (Driedger et al., 1970) , were fitted into the lambs by the surgical procedures of Duquette et al. (unpublished surgical technique) . A recovery period of at least 3 weeks was used. When not on test, lambs were fed ad libitum a diet containing 50% alfalfa meal, 32% shelled corn (rolled), 10% wheat bran, 5% soybean meal, 2.5% fat and a vitamin/trace mineral mix.
Lactic Acidosis Challenge. Techniques for producing the lactic acidosis challenge and for obtaining blood and rumen fluid samples were identical in all three experiments. Fistulated lambs were given free access to water and were fasted for 48 hr prior to dosing with wheat. Finely ground wheat at 40 g/kg body weight (BW) was used to induce lactic acidosis. A wheat slurry (by weight one part wheat to two parts water at 40 C) was given through the rumen cannula. Rumen fluid samples were taken before and every 2 hr during the 30-hr experimental period, while blood samples were collected before and every 4 hr during this period. Rumen fluid samples were removed via the fistula by vacuum and were filtered through cheesecloth. Ruminal pH readings were taken immediately and samples were stored -20 C for analyses. Sodium fluoride was added to blood samples (25 mg/10 ml) as a glycolytic inhibitor and plasma samples were stored at -20 C for analyses. Antibiotics were solubilized in 2 mI of dimethyl sulfoxide (DMSO) and mixed into the wheat slurry (1 ml DMSO to 2,400 g wheat slurry) just prior to dosing. Controis received wheat slurry plus DMSO without antibiotics.
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lambs (A through F) were used to establish the effects of intraruminal dosing with a wheat slurry on rumen parameters, including pH, volatile fatty acids (VFA) and lactate, and blood lactate. The effects of penicillin and thiopeptin treatment on these same parameters were also determined. Previous studies have shown both antibiotics to be highly active in vitro against S. boris (Muir and Barreto, 1979) . Thiopeptin s was given to two lambs at .4 mg/kg BW, providing an estimated dose of approximately 2.5 /ag/ml of rumen contents. A penicillin G 4 dose of 2.0 mg/kg BW was selected. In addition, one of the two lambs treated with penicillin G was given a second dose of 2.0 mg/kg BW at 6 hr after the wheat administration. Exp. 2. Exp. 2 was conducted to titrate the dose of thiopeptin. Twelve fistulated sheep (G through R) were randomized into groups of two and were challenged with wheat plus thiopeptin at 0, .09, .18, .26, .35 and .70 mg/kg BW.
Exp. 3. In the third experiment, 12 fistulated lambs (S through DD) were used to test antibiotics that belong to the same class as thiopeptin for efficacy against wheat-induced lactic acidosis. The sulfur-containing peptide antibiotics that were tested included thiopeptin, sulfomycin s , sporangiomycin 6, siomycin 7 and taitomycin 7. Previous work indicated that these antibiotics had different degrees of in vitro activity against S. boris (Muir and Barreto, 1979) . The test dose for each antibiotic was calculated to provide six times the activity of thiopeptin at .35 mg/kg BW on the basis of its in vitro activity against S. boris (table 1). In this manner, antibiotics with less in vivo efficacy than thiopeptin might still be detected. Thiopeptin was included at .35 mg/kg body weight.
Analyses. Total lactate concentrations of rumen fluid and blood samples were determined by the method of Barker and Summerson (1941) . Rumen fluid samples were analyzed for VFA by gas chromatography (Erwin et al., 1961) . Volatile fatty acids were calculated against external standards injected automatically.
Results and Discussion
Exp. i. Lambs, given ground wheat slurry without antibiotics (A and B), developed acute lactic acidosis and died during the experiment. Changes in rumen parameters of lamb A following the administration of wheat were dramatic (figure 1). Initially the rumen fluid was (Muir and Barreto, 1979) . bTest dose equals 6• a thiopeptin dose of .35 rng/ kg BW + activity relative to thiopeptin. low in total VFA (21 ~tmoles/ml) and the pH was high (7.1) due to the 48-hr fast while rumen lactate was in the normal range of approximately .2 ~tmoles/ml. Following the addition of wheat, lactate increased very rapidly, reaching 150 gmoles/ml by 8 hr, and remained elevated until death occurred at 18 hours. Rumen pH declined quickly in response to the rapid accumulation of lactate, reaching approximately 4.0. Total VFA started to increase but were suppressed by 4 hr and were below the fasting level by 8 hours. Apparently, lactate by reducing rumen pH inhibited the microflora which normally produce VFA in the rumen. Plasma lactate started to increase rapidly after 8 hr, and lamb A died when plasma lactate exceeded 15 /lmoles/ml (table 2). Lamb B responded to wheat administration in a similar manner. Lamb B produced a similar amount of rumen lactate but more total VFA, as indicated by the areas under the curves of these acids (table 3) . Lamb B died at 30 hr, when plasma lactate reached 17/lmoles/ml. These changes in rumen and plasma parameters caused by intraruminal administration of ground wheat are similar to those reported by Ryan (1964) and by Szegedi and Juhasz (1968) .
Lambs given thiopeptin at .4 mg/kg BW with the ground wheat slurry (C and D) did not develop lactic acidosis. Changes in rumen parameters following wheat administration were altered by thiopeptin (lamb C, figure 2). Volatile fatty acids were the predominant ruminal acids produced when thiopeptin was present. Total VFA increased steadily, peaking at approximately 60 /~moles/ml after 14 hours. Some rumen lactate was produced, with levels reaching 42 gmoles/ml at 10 hr; however, by 14 hr, lactate had returned to pretreatment levels. Thus, thiopeptin shifted ruminal acid production from lactate to VFA. Rumen pH decreased as ruminal acids increased but remained approximately 1 pH unit higher than in lambs receiving wheat alone. Plasma lactic acid did not increase. This is most probably due to the 90% reduction in rumen lactate. Lamb D responded to thiopeptin treatment in a manner similar to lamb C (table 3) . In addition to preventing lactic acidosis, thiopeptin allowed VFA fermentation in the rumen to proceed, as is indicated by the increased areas under the total VFA curves compared to those for lambs given wheat alone.
A single dose of penicillin at 2.0 mg/kg BW inhibited both ruminal VFA and lactate production over the first 6 to 8 hr (lamb E, figure 3). After 8 hr, a lactate fermentation was established, with rumen lactate peaking at approximately 108 /lmoles/ml at 18 hours. The total amount of lumen lactate produced was not different from that for lambs given wheat without antibiotics. Ruminal VFA did not increase after wheat dosing. Apparently, VFA were in- aArea under the time curves (30 hr or until death) for lactic acid (#moles/ml) or total VFA (#moles/ml) in rumen fluid.
bcontrol lambs A and B died at 20 and 30 hr after wheat dosing, respectively.
CAntibiotic administered intraruminally with wheat. dpenicillin dose administered intraruminally at both 0 and 6 hr after wheat dosing.
The use of a second dose of penicillin extended to 22 hr the period during which the production of ruminal VFA and lactate were inhibited (lamb F, figure 4). Rumen lactate and VFA increased rapidly after 22 hr and were still increasing at the end of the sampling period. Rumen pH again reflected ruminal acid levels. Plasma lactate did not increase during the test period. An increase in plasma lactate is not expected here since an elevation in plasma lactate appears to lag at least 10 hr behind an elevation in tureen lactate.
The occurrence of a lactate fermentation in wheat-dosed lambs 8 to 16 hr after the last dose of penicillin is probably the result of destruction of penicillin by penicillinase in the rumen (Akkad and Hobson, 1966; Wiseman et al., 1960) . The inhibition of VFA as well as lactate fermentation by penicillin is not unexpected since penicillin has been shown to be highly active against many rumen bacteria (Akkad and Hobson, 1966; Fulghum et al., 1968) . Because of its limited effectiveness and wide spectrum of activity, penicillin does not appear to be a good candidate for providing prophylactic protection against lactic acidosis. However, thiopeptin does appear to be such a candidate since it prevented lactic acidosis by inhibiting ruminal lactate production and allowing VFA fermentation to proceed.
Exp. 2. Thiopeptin was titrated to determine
the minimum effective dose (MED) for lambs challenged with wheat. Lambs given wheat without antibiotics again produced large quantities of rumen lactate and very little VFA, as bArea under the time curves (30 hr or until death) for lactic acid 0amoles/ml) or total VFA (/amoles/ml) in rumen fluid.
CControl lamb G died at 20 hr after wheat dosing. (Miyairi et al., 1970) . Other members of this class of antibiotics also have in vitro activity against S. boris (Muir and Barreto, 1979) . Therefore, some of these antibiotics, including sulfomycin, sporangiomycin, siomycin and taitomycin, were tested for activity in preventing lactic acidosis in lambs given wheat. Lambs given wheat without antibiotics again produced large quantities of rumen lactate and very little VFA (lambs S and T, table 5). Lamb S died at 28 hr, whereas lamb T survived. Thiopeptin at .35 mg/kg BW again prevented lactic acidosis by reducing lactic acid in the rumen and allowed ruminal VFA to increase. Sulfomycin, sporangiomycin, siomycin and taitomycin at doses of .84, 4.20, 5.53 and 12.35 mg/kg BW, respectively, all prevented lactic acidosis by inhibiting rumen lactate and allowing VFA fermentation to proceed in a manner similar to thiopeptin. The exception was one of two lambs given taitomycin (lamb DD), which failed to show the degree of lactate inhibition and VFA production observed in lambs treated with thiopeptin. The reason for the lack of uniformity in response to taitomycin is not clear but may not be unreasonable since taitomycin has the least activity against S. boris of the antibiotics tested in Exp. 3 (table 1) .
The results from Exp. 3 indicate that other members of the thiopeptin class, including sulfomycin, sporangiomycin, siomycin and possibly taitomycin, also prevent lactic acidosis in lambs challenged with wheat by inhibiting ruminal lactate production without interfering with ruminal VFA fermentation.
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